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Abstract
Background
A rural village in Thailand has always been limited in access to waste collection services and
processing facilities. As a result, their behaviors of disposing waste in ineffective manners such
as dumping and burning causes a variety of environmental impacts. In addition, the people
dwelling in these areas are often unaware of the health risks associated to these types of
engagements because of the inadequate education system. For a long time coming these
circumstances remained untouched until a non-profit organization recently shed light to the need
for a solution. An investigation, to develop a design solution in order to minimize the
environmental and health impacts of waste in the developing village, is reported here.

Results
An adaptable, modular, sustainable, and appropriate design (called an Integrated Waste
Management System) is the most advantageous system for minimizing the solid waste pool
effectively by 71%. The system includes integration of appropriate waste management
strategies, such as the utilization of incinerators, applications of enhanced anaerobic processes,
and addressing root causes of the problem by educating the people among other treatments.

Conclusions
After theoretical analysis, confirmed by a system simulation model, the system design is capable
of satisfying the problem constraints and parameters. The profit potential for the system is
approximately $7,000; and the Social Return on Investment includes decreasing health problems,
extending the lifespan, and conservation of natural resources.
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Introduction
The senior project is a collaborative effort with Engineering Without Borders (abbreviated
EWB thereafter)

California Polytechnic University, San Luis Obispo. EWB Cal Poly is a university

chapter endorsed by EWB national, an organization focused on third world development through
sustainable and appropriate projects. The concentration of the senior project is on a rural village
called Huai Nam Khun (abbreviated HNK thereafter) located in Thailand.
The idea of the senior project originated after completion of an Industrial Manufacturing
Engineering 471 Selected Advanced Laboratory project on a study abroad trip in 2009. The
project entailed re-designing an incinerator at a local middle school to minimize the discharge of
smoke particles and pollutants. However, further research and observation pointed to a larger
problem than just air pollution but a regional wide waste disposal problem. Subsequently, this is
an exploration of the existing waste problems to generate a feasible solution for HNK.

Problem Statement
The village presently lacks a modularized system of managing solid waste. Without a
proper waste processing system the people of HNK often engage in activities of open dumping
and uncontrolled burning practices. As a result, stagnant wastes and water pollution become
both an environmental and health concern.

As a result, the following goals and objectives were developed in order to complete the
project.

Goals
1. Minimize environmental and health impacts of solid waste
2. Design an adaptable and modular system
3. Educate the village on the environmental and health impacts of solid waste and proper
waste management strategies
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Objectives
1. Investigate the current waste strategies and its environmental and health impacts
2. Design and develop an Integrated Solid Waste Management System

The scope of the project is constrained to applications of appropriate and sustainable
technologies. Appropriate technology takes environmental, ethical, cultural, political, and
economical aspects into consideration when designing for an intended community. Sustainable
development is a strategy to preserve the environment for future generations in the design
process. Appropriate technology, in conjunction with sustainability, is largely a design
parameter for the project.

Deliverables
1. Design of an Integrated Solid Waste Management System
2. A plan for implementation for EWB Cal Poly Thailand


Design specifications



Selection of equipment and materials



Selection of contractor and maintenance personnel



Work Breakdown Structure



Schedule

3. Design of educational materials for implementation

In order to complete the project a strategy was developed to overcome each milestone.
Each plan within the strategy revolved around an application of an Industrial Engineering
coursework. A major time constraint was EWB national deadlines. Table 1 lists the milestones
between the months of December and June.
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Strategy Table
Milestones

Deadline

EWB Assessment Trip

December 2009

Analyze Alternatives (EWB)

February 2010

Design and Develop a System

April 2010

Develop a Plan For Implementation (EWB)

May 2010

Design of Educational Materials for Implementation (EWB)

May 2010

Validate Design with a Simulation Model

May 2010

Run a Mock Educational Workshop (EWB)

May 2010

Run Prototype (EWB Requirement)

Fall 2010

Implement Design (EWB)

Winter 2010
Table 1: Strategy Table
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Background
The seed of the project is in HNK, located
in the Chiang Rai province east of Mae Hong Son
and north of Chiang Mai. Figure 1 illustrates the
location of the village. The approximate
population count in 2009 is 3,620 people [Refer to
Appendix C].

Clusters of people residing villages such
as HNK are often referred to as hill tribes. There
are currently four main tribes in HNK. Permanent
settlement began in the early 1960s when Chinese
soldiers fled to the region during the communist
revolution. Not long after that, the Burmese hill
tribes Akha, Akheau, and Lahu began gathering in
and around the area when uprooted from their
lands.

[Refer to Appendix A]

Policies for Hill Tribes and the Setbacks
HNK is different from the rest of Thailand

Figure 1: Geographical Location of Huai Nam Khun

because of their political circumstances. HNK,
along many other hill tribes, lack proper documentation because they are not recognized as
refugees by the Royal Thai Government. [2] As a result, this leads to a limitation in their access to
human rights excluding them from proper health care, education, and employment. [3]
Disadvantages from the situation are high poverty rates, high health problems, and vulnerability
to human trafficking and drug operations. Because of their political situation, HNK still remains
considerably under-developed in comparison to the rest of Thailand. The Thai government has
constructed some main roads and established schools, agricultural extension centers, and health
clinics in areas of large clusters of villages. However, despite the government‟s involvement
many villages are still inadequate and continue to remain isolated. [15] Refer to
https://sites.google.com/site/wdsaduong/ for pictures taken from past assessment trips.
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Impacts of Solid Waste on the Environment
Due to HNK‟s political circumstances and geographical isolation, waste processing
facilities are a rare commodity and government responsibility is minimal. “The urban poor in
slums and squatter settlements are generally those who suffer most from the lack of collection
services. These areas are often totally neglected by the authorities due to their illegal status and
lack of political voice. [4]” Unfortunately, hill tribes without access to better alternatives turn to
the most convenient but improper tactics. They “tend to either dump their garbage on open
plots, in low-lying areas, public spaces and rivers, or simply burn it in their backyards. [4]”
These tactics then become the prime reason for the accumulation of stagnant waste contributing
to environmental pollution and pathogens.
Impacts of Solid Waste on People’s Health
In addition to environmental concerns, health and sanitation has become another
problem. Based on health surveys administered to 21 tribe leaders in 2009, the results show a
variety of health issues linked to uncontrolled burning.

[Refer to Appendix C]

as the top health problem.

Figure 2: Health Survey Results (2009)
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Figure 2 shows coughing

After consulting with the village‟s Health Clinic doctor, he further verified these results
and expressed that disease of the respiratory system ranked top three in 2008 and 2009. [15]

According to the Department of Health and Services, aside from respiratory illnesses
other health problems from uncontrolled burning may include [6]:


Eye and respiratory tract irritations such as breathing problems, Bronchitis, and increased
severity of asthma



Increased risk of cancer



Premature death



Worsen pre-existing diseases of the heart and lungs



Particles penetrating the lungs

Although not as hazardous as respiratory illnesses, there are also numerous accounts of
sanitation or waterborne related sicknesses affecting the people day to day. Public records from
the Health Clinic indicated that during the months of March through May there were a large
number of patients suffering from Urinary Tract Infections, skin rashes, and diarrhea. [15] Refer
to Table 3 for these numbers.

Sanitation-Related Health Statistics
Illness

No. and Group of People Affected

Urinary Tract Infections

Approx. 300 cases
Mostly female
Mostly children
Approx. 200
Mostly children

Skin Rash
Diarrhea

Table 2: Sanitation-Related Health Statistics
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In addition, sanitation problems include infections. Other common skin, eye, and louseborne infections include [5]:


Superficial fungal infections, skin sepsis, and ulcer of bacterial origin



Scabies, affecting 50% of school children, worsens when the burrows made by mites
become infected by bacteria



Conjunctivitis and Trachoma leading to impaired vision and sometimes blindness

The Senior Project Role in Huai Nam Khun
It is evident that the Thai government‟s role is deficient in providing a means for the
village to solve their waste problem. And in spite of the continuous effort from the tribe leaders
and other non-profit organizations to contain the problem, a solution has yet to be found. This
senior project is therefore definitely critical to the future vigor of HNK.
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Literature Review
Research of case studies and popular waste management theories became a model for this
senior project in the investigation and development of an Integrated Solid Waste Management
System. All pertinent research and theories applied in the project are discussed in this chapter.

Using Steps in the Fresno Project to Measure Progress
In a similar project administered by the City of Fresno, the planners followed six steps to
generate a waste system. The same six steps were used to measure the progress for the senior
project.

Six Steps in Developing a Waste System [5]:
1. Educate the intended clients to strengthen the readiness of accepting new concepts and
recommendations
2. Orient a system study of solid waste to generate a suitable solution
3. Collect client data to identify needs
4. Develop a methodology to make and verify solutions
5. Develop a criteria for implementation
6. Develop a criteria for system maintenance and oversight

Understanding the External Influences of Solid Waste Trends
Influences on the waste pool are not entirely dependent on internal influences but
external influences such as population growth, urbanization, and industrialization in Thailand. [1]
As these three external influences increase, demand and utilization rate of goods increase.
Unfortunately, this means a global movement towards depleting the earth‟s natural resources to
accommodate for high amounts of packaging involved in manufactured goods. For larger
metropolitan areas, the waste facilities are developed to process high amounts of expelled waste
and can accommodate for the increasing waste trends. However, this option is not feasible for
the village and therefore it is important to raise awareness to address the root causes of the
problem (such as utilization of unnecessary packaged goods) to combat the steadfast waste trend.
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Stressing the Importance of Public, Private, and Government Involvement
In 2000, the Pollution Control Department (PCD) of Thailand joined in conference with
300 Thailand Network of Eco-efficiency and Cleaner Production (TNEC) memberships to
identify performance measures of successful waste systems. One of the identified performance
measures they came up was the collaboration between the public, private, and government
sectors. They go on to further discuss that the joint efforts of these sectors become a support and
lifeline to the infrastructure of a system wishing to provide long-term service.
The roles of each one of these sectors cover and strengthen all areas horizontally across
all functions when dealing with waste. The public is responsible for separation, collection, and
trading of waste. The private sector is responsible for gathering and returning waste to
industries to convert back to raw materials. The government is responsible for encourage trade
activities through campaigning, training, and seminar with technical and budget supports.

Modeling After Popular Waste Management Theories
A system that uses a full scale integration of all types of waste management is the
strongest type of waste structure. It involves sustainable planning of all functional elements
useful for effective and efficient waste systems. Furthermore, it includes selection and
application of suitable techniques and technologies to achieve design of a sustainable system. [1]
The five functional elements of an integrated solid waste management structure include
the following: avoidance, minimization, material recovery through treatment and processes,
disposal, and dumping. Refer to Figure 3 for the integrated waste management pyramid. The
top point of the pyramid depicts the most desirable solution and the base as the least desirable
solution in the structure.
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Integrated Solid Waste Management Pyramid [1]

Figure 3: Integrated Solid Waste Management Pyramid

The different functional elements in the pyramid serve different purposes. 'Waste
avoidance‟, the most preferred method of eliminating waste, can be achieved at the design,
manufacturing, and packing level. And intuitively, „minimization‟ can be achieved through
opting for less wasteful alternatives. „Material recovery‟ is the process where waste is converted
through treatment for reuse or remanufacture. This process typically involves a strong reuse,
recover, and recycle strategy. At the base of the pyramid are „disposal and dumping‟, two
treatments that are highly toxic and contagious to the health and environment.

Inherent Principles of Sustainability from the Integrated Waste Management Theory
In addition to the different functional elements, the main component of an Integrated
Solid Waste Management System is to help maintain the health of the environment and its
ecosystems. It is described as “one of the holistic approaches to environmental and resource
management [8]” that addresses waste in an environmentally and economically sustainable way.
Doctor Thaniya Kaosol of the Environmental Engineering Association of Thailand indicates that
from the integrated waste management theory, the three main principles of sustainable solutions
emerge, which include:
1. Minimizing solid waste generation
2. Maximizing the concept of recycling and reusing solid waste
3. Ensuring the safe and environmentally sound disposal of solid waste
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Understanding the Types of Solid Waste and their Treatment Strategies
“Solid waste comprises of all wastes arising from human and animal activities that are
normally solid and are discarded as useless or unwanted. Sources of solid waste are municipal
solid waste, agricultural waste, and industrial waste. [1]” The solid waste structure consists of
five different types of solid waste which means they require different strategies for treatment.
For example, in order to properly treat organic waste, digestion either into liquid fertilizer or
biogas should be accomplished. Refer to Figure 4 for the types of solid waste and their
respective strategy. Although the strategies outlined for each type of solid waste are not the only
solution, they are the best and most commonly practiced as suggested by researchers.

Types of Solid Waste [8]
Solid Waste

Recyclable
Waste

Reuse
Recycling

Refused Derived
Fuel

Organic Waste

Digestion

Combustible
Waste

Non-Combustible Waste
or
Non-Digestible Waste

Incineration

Compost

Fertilizer

Liquid
Fertilizer

Biogas

Electricity

Ash

Landfill

Electricity

Figure 4: Types of Solid Waste

List of the Four Strategies Are Compiled Below [8]:
1. „Material Recovery‟ which requires access to reprocessing facilities
2. „Biological Treatment‟ of organic waste such as aerobic or anaerobic composting
3. „Incineration‟ for energy recovery through thermal decomposition
4. „Landfill‟ of final inert waste
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Aligning with the Flow of the Four Strategies
Presently there are waste management policies positioned by Thai national waste
management authorities encouraging rural areas of clusters to develop their own central waste
disposal facility. The purpose is to integrate appropriate technologies and energy recovery
practices that can facilitate communal access. There are a variety of advantages for these
centralized locations, which includes eliminating the need for multiple truck stops to pick up
recyclables, composting sites large enough to generate enough soil to satisfy local markets, and
designated areas for safe incineration practices. Other benefits include strengthening community
ties and delivering environmental sustainability. [8] Refer to Figure 5 for the optimal alignment of
the flow of the four strategies in a centralized disposal facility.

Optimal Strategy Flow [8]
Source Reduction
and Separation

Waste Diversion
- Composting
-Energy Recovery
-Material Recovery
Figure 5: Optimal Strategy Flow
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Final Disposal
(Sanitary Landfill)

SYSTEM DESIGN
Project Evaluation at the Social Level
In developing an Integrated Solid Waste Management System social consideration is
equally important as the design of the system itself. Evaluation of appropriate applications in
regards to traditional conditions and local capabilities is a large component in the success factor
of the system. Not all waste management strategies are suitable for all remote areas because
demographics vary between regions, villages, and even among small clusters of tribes. HNK‟s
demographic makeup makes it difficult to standardize on waste strategies because of the ethnic,
cultural, and language differences between the Burmese and Chinese. [15] Waste management
strategies developed for one area may not work for another area across the hillside because of
five decades of underlying political differences.
Two assessment trips were conducted in 2009 to evaluate and understand the social,
cultural, and needs of the local people in HNK. The assessment trips provided critical insider
information that largely contributes to the design decisions for the system [Refer to Appendix E].

Encouraging Village Involvement to Avoid Socioeconomic Failures
Many failures based on socioeconomics can be avoided if HNK is involved at every stage
of the planning and implementation process. Encouraging village participation bridges the gap
between disengagements in regards to technological ownership and responsibility. There are a
number of projects in the past with infallible designs that fail because of poor village
assessments or disregard of cultural differences.

[5]

After implementation, the project is honored

until technical malfunctions arise. Often times the village displaces the responsibility of
maintaining the system to the organization that implemented it because for one, ownership
transfer was never emphasized and two, there is an idea of technological inferiority.
The idea is to not give the village a piece of equipment or machine, but to transfer
technological advantages so that the knowledge is absorbed. Hopefully then, the technology can
be passed along to other parts of the region and thus aid in rural development. “Impediment of
progress is not the availability of funds but the ability of many countries, especially the most
needy, to absorb them. [5]” Favorably, “The result is that the service can be maintained virtually
indefinitely without having to rely on government or other outside institutions. [5]”
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Keys to Eradicate Failure Based on Socioeconomic [5]


Knowing people‟s objections and inputs



Establishing personal relationships



Consulting people with expertise or informal authority



Taking a non-authoritarian approach



Understanding culture beforehand

Consulting with Informal Authority for Insider Information
In remote villages such as HNK, there are often informal leaders that have indirect
authority but great persuasion; these are often people who possess traditional or charismatic
authority. “Every community contains informal leaders who are often more influential than the
people actually holding office. [5]” It is important to recognize and gain sponsorship of these
informal leaders for support to facilitate appropriate design and development of the project.
In 2009, interviews were conducted with all leaders of the tribes. The interviews
involved discussion of some of the major problems with current methods, potential trials and
tribulations during implementation, and any relevant topics. The information provided valuable
insight for design decisions. [Refer to Appendix D]

Appropriate Technology and its Impact on Design Parameters
In discussion of appropriate technologies and sustainability it is important to distinguish
the difference between the two. Appropriate technology takes environmental, ethical, cultural,
political, and economical aspects into consideration when designing for an intended community.
Sustainable development is a strategy to preserve the environment for future generations in the
design process. Appropriate technology, in conjunction with sustainability, is largely a design
parameter for the project. There are a variety of advantages in its application, which include 5080% reduction in costs, easier maintenance requirements, and elimination of the idea that
technology is superior. The guidelines below are the steps in which the project should satisfy.
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Appropriate Technology Guidelines [5]:


Provide solutions that are within local resources and capabilities



Can be designed and constructed by local contractors



Can be well operated and maintained by the local people

Geographical Locations Expressing a Need for a Solution
There are currently six different geographical locations, ranging from specific tribes to
areas of communal access. After careful surveying, these are the areas [Refer to Appendix C] that
expressed an interest in the project and are the locations examined in the design of the system.
1. Akheau Tribe
2. Chinese Tribe
3. HNK Dormitory
4. HNK Health Clinic
5. HNK Wittaya Middle School
6. Pana Seri Tribe Pre-School

Understanding the Most Commonly Used Alternatives
There are a variety of alternatives to combat the different types of solid waste as
discussed in the literature review. However, not all alternatives are advantageous to the village
and a quantitative analysis must be completed to find the most fitting. But before developing a
criterion to weed out alternatives that are not suitable for HNK, the most common methods of
solid waste treatments should be defined and understood. According to Eawag, the most
common treatments are listed below. [4]


Dumping is the disposal of waste at an uncontrolled, uncovered site of minimal or no
structural design. Degrading waste in such dumps emits greenhouse gases (methane),
toxic leachates pollute subsurface and surface waters and enhance the risk of disease
transmission to nearby residents. In many African and Asian countries, open,
uncontrolled disposal is the most common method of treating solid waste.



Sanitary landfills are engineered disposal sites where waste is spread in layers,
compacted and covered with soil or other materials to minimize air and water pollution.
Modern sanitary landfills collect and treat leachate and methane gas.
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Burning is unfortunately a widespread method used in developing countries to reduce the
volume or odors of dumped or uncollected solid waste. Open burning is the major source
of toxic gas emission such as dioxins and furans.



Incinerators are engineered to burn waste in a controlled environment to reduce toxic
emission.



Composting, which is a controlled aerobic degradation of organic material, can reduce
waste volumes by about 50 to 80 %. The resulting soil-like product can be used in
agriculture. Biodegradation of organic waste is commonly practiced in many Asian
countries.



Recycling is the separation and collection of secondary materials for remanufacturing. In
many developing countries, recycling is an important economic factor providing income
opportunities for poor, unemployed or disabled individuals. Recycling significantly
reduces the amount of waste to be collected, transported and disposed of.

Developing a Criterion to Analyze the Alternatives
A decision criteria analysis is a disciplinary tool for decision makers in aiding the process
of making a decision when faced with numerous and conflicting evaluations. It intends to
highlight the conflicts and derives a strategy to reach a transparent comprise. Measurements in a
decision criteria analysis are derived subjectively as indicators of the strength of preferences. [17]
One downfall claimed by critics on using this type of methodology in decision making is the
influence of personal preference over the actual preference of the intended clients. The decision
criteria analysis is not intended to generate an optimal solution but be reflective of the preference
of its clients when quantitative methods of measurement are limited.

Decomposing the Decision Problem for a More Systematic Evaluation
An Analytical Hierarchy Process (AHP) is a controlled method for evaluating
multifaceted decisions. Similar to the decision criteria analysis, it helps decision makers find a
solution that is suitable for the problem.
A decision problem is first decomposed into a hierarchy of sub-problems so that they can
be independently analyzed. The sub-problems are then systematically evaluated by comparing
them to one another (two at a time). In the comparisons, the decision maker incorporates an
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elemental criterion that is either based entirely on quantitative data or their relative judgment.
The evaluations are converted to numerical values that can be processed and compared over the
entire range of the problem. [18] Whatever the case, the decision maker can decide on the
importance of each criterion by placing critical weights on each. This process allows for diverse
and incommensurable elements to be compared in a rational and consistent way. [18] Finally,
numerical priorities are calculated for each decision alternative representing each to its own
ability in solving the decision goal.

Designing System Processing Capabilities Using Data from Relevant Case Studies
In 2007, Thailand‟s solid waste generate rate averaged 1.443 kg per capita per day. [8]
[Refer to Appendix H]

However, HNK‟s demographic makeup is more rural and impoverished in

comparison to the rest of the country. As a result, a more realistic figure (extracted from a study
done in the Baromtuilokanat 21 Community) is closer to 1.1 kg per capita per day. [Refer to Appendix
G]

Furthermore, studies were done on the waste composition of villages similar to HNK.
[Refer to Appendix G]

The solid waste pool was broken down into six different types of waste with their

respective percentages. Refer to Table 4 for these numbers.

Solid Waste Composition Data [8]
Type

Waste Composition (%)
48
15
14
5
4
14

Organic Waste
Paper Cardboard
Plastic
Glass
Metal
Others

Table 3: Solid Waste Composition Data
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Applying the Decision Criteria Analysis
The application of a Decision Criteria Analysis was appropriate to compare and select waste
treatments suitable for the village. The following waste treatment methods were evaluated:
„Dump‟, „Sanitary Landfill‟, „Open Burn‟, „Incinerate‟, „Compost‟, „Recycle‟, and „Educate‟.
These treatments were compared to the following criteria developed after thorough research and
assessment: customer need, cost, difficulty of implementing, root causes addressed, return on
investment, maintenance, training, negative health, safety, and environmental impacts. Each
criterion was weighted differently with numerical values depending on its influence on the
project. These numerical values were set by the current EWB Cal Poly Thailand 2010 Project
Manager.
After designing and processing the Decision Criteria Analysis the methods of „Educate‟,
„Compost‟, „Recycle‟, „Open Burn‟, and „Incinerate‟ proved to be the more suitable to the
village. Refer to Figure 6 for how each method ranked on the point scale; the higher the points,
the more suitable the method. Table 5 breaks down the point values for each method. „Educate‟
ranked first with 179.25 points whereas „Burn‟ and „Incinerate‟ ranked fourth with a minimal
three point difference.

[Refer to Appendix L]

Figure 6: Decision Criteria Analysis of Alternatives
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Criteria
Dump
Sanitary
Landfill
Burn
Incinerate
Compost
Recycle
Educate

Points
109
76.25
117
114
166.25
150.5
179.25

Table 4: Criteria Point Values of Alternatives

Due to the minimal point differences between „Open Burn‟ and „Incinerate‟ a second
iteration under a different criterion was generated. The final result ranked „Incinerate‟ to be of
higher point value compared to open burning and more suitable for the village. Refer to Figure 7
for the point comparisons and Table 6 for the point values.

[Refer to Appendix M]

Figure 7: Decision Criteria Analysis of Open Burning vs. Incinerating

Criteria
Open Burn
Incinerate

Points
1.4
3.1

Table 5: Criteria Point Values of Open Burning vs. Incinerating
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Applying the Analytical Hierarchy Process
An Analytical Hierarchy Process (AHP) analysis was applied to rank and indicate the
importance of the four waste treatment methods („Educate‟, „Recycle‟, „Compost‟, and
„Incinerate‟) in respect to each of the six geographical locations (HNK Dormitory, HNK Health
Clinic, HNK Wittaya Middle School, Akheau Tribe, Chinese Tribe, and Pana Seri Tribe PreSchool). Decision preferences and analysis were made based on surveys administered in 2009.
[Refer to Appendix C]

After designing and processing the Analytical Hierarchy Process, the results are
illustrated in Figure 8. Incinerating is the most important focus for the HNK Dormitory, whereas
it ranks second for the Pana Seri Tribe Pre-School, HNK Wittaya Middle School, and HNK
Health Clinic. Education seems to be the main emphasis across all areas, especially in the
Chinese Tribe. Recycling is a major concern for the Akheau Tribe, with less emphasis on
composting and incinerating.

Figure 8: Analytical Hierarchy Process for Each Geographical Location
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Modular Design by Geographical Location
The project is the design of an Integrated Solid Waste Management System and under its
umbrella are six different developments of Waste Stations for each geographical location. For
each Waste Station, there is the option to apply all or several of the four solid waste treatment
methods („Educate‟, „Recycle‟, „Compost‟, and „Incinerate‟) selected from the Decision Criteria
Analysis depending on the level of need (as indicated from the Analytical Hierarchy Process).
The purpose is the development of a system to be modular in design, where it becomes
adjustable for every geographical location introduced thereafter. Refer to Figure 9 for the design
of the Integrated Solid Waste Management System.

Integrated Solid Waste Management System Design
Integrated Waste
Management
System

System encompassing all
areas of Waste Stations and
the respective components

Separate
Waste Stations
Chinese Tribe

Akheau Tribe

Huai Nam Khun
Health Clinic

Huai Nam Khun
Wittaya Middle
School

Pana Seri Tribe
Pre-School

Huai Nam Khun
Dormitory

Components within each
Waste Station
Incinerate

Incinerate

Compost

Incinerate

Incinerate

Incinerate

Compost

Compost

Compost

Recycle

Recycle

Recycle

Recycle

Recycle

Recycle

Education

Education

Education

Education

Education

Education

Figure 9: Integrated Solid Waste Management System Design

Designing System Capacity Using Population Numbers
The total population count for the six geographical locations under examination is 2,834
people with the largest make up of 1,220 people attending the HNK Wittaya Middle School.
Refer to Table 7 for breakdown of geographical areas and their respective population sizes.
to Appendix C]
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[Refer

Geographical Locations and Population Sizes
Geographical Locations
Chinese Tribe
Pana Seri Tribe Pre-School
Akheau Tribe
HNK Dormitory
HNK Wittaya Middle School
HNK Health Clinic

Population Size
1000
52
300
62
1220
200
Total 2834

Table 6: Geographical Locations and Population Sizes

Selecting Product Design Based on Design Capacities
In determining the design specifications required to meet capacities for three out of the
four waste treatments („Recycle‟, „Compost‟, and „Incinerate‟), the following parameters were examined: solid
waste generation rates (1.1 kg/per capita/per day), solid waste compositions (Refer to Table 4), and population
sizes for each geographical location (Refer to Table 7). The expected capacities for each processing
area (recyclables, organics, and combustibles) have to meet the amount of solid waste expected
to expel per location (at maximum). In addition, an allowance of 15% was added on to each
population size to account for inaccurate population numbers. Because solid waste generation
rates were given in kg, density factors (to each type of solid waste their own) were applied to
convert rates to volume metrics.
Calculations of an incinerator and compost bin for the Akheau Tribe were omitted
because the tribe declined to opt for such treatments. And the calculations for the compost bin
for the HNK Health Clinic was omitted because the area does not generate compostable
materials at a significant rate to benefit from composting.

[Refer to Appendix C]

After examining each parameter and converting the solid waste generation rates to the
desired metrics, the required design specifications to meet population capacities are displayed in
Table 8.

[Refer to Appendix N]
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Waste Station

Incinerator

Chinese Tribe

40 gal or
378 kg
3 gal or
20 kg
NA
3 gal or
24 kg
49 gal or
461 kg
8 gal or
76 kg

Pana Seri Tribe
Pre-School
Akheau Tribe
HNK
Dormitory
HNK Wittaya
Middle School
HNK Health
Clinic

Compost
Bin
100 gal

Design Capacities
Recycle Bin:
Paper
3 cubic ft.

Recycle Bin:
Glass
8 cubic ft.

Recycle Bin:
Metal
4 cubic ft.

5 gal

1 cubic ft.

1 cubic ft.

1 cubic ft.

NA
10 gal

1 cubic ft.
1 cubic ft.

3 cubic ft.
1 cubic ft.

2 cubic ft.
1 cubic ft.

120 gal

4 cubic ft.

9 cubic ft.

5 cubic ft.

NA

1 cubic ft.

2 cubic ft.

1 cubic ft.

Table 7: System Design Capacities

As for product selection, it may vary as long as it can satisfy the design capacities
displayed in Table 8. The product selections below are examples of product recommendations
based on personal expertise on the subject matter; however, these may or may not be the most
optimal designs but they do fundamentally satisfy the criterions across all elements that were
discussed in the methodology.

Evaluations on Incinerating
“Incinerating, under perfect combustion, results in a desirable quality of solid waste
volume reduction of 95-98% [9].” Perfect combustion is burning of waste with minimal moisture
content with the highest amounts of combustibles. Ultimately, as perfect combustion occurs
minimal amounts of smoke are released in the air eliminating the waste meanwhile protecting the
environment.
The recommendation for HNK is the use of municipal incinerators. Municipal
incinerators are compact, easy to use, and more sustainable in comparison to other alternatives.
[Refer to Appendix I]

Refer to Table 9 for the incinerator product information.
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Incinerator Product Information
Product Selection
Product Information
Model 2242-SS100, 100% Stainless Steel HiTemp Mini-Incinerator


Patent # 6932001 & 7,438,003



100% Stainless Steel



Exceeds 1500 -1800oF



Larger than a 55 gallon drum



Price: $379.00



Shopping Link:
http://www.burnrightproducts.com/prod
detail.php?prod=2242-SS100

Table 8: Incinerator Product Information

Evaluations on Composting
The application of composting is a reasonable method of waste disposal in the highly
agricultural region of HNK. “Composting is converting organic material into a dry, less
odorous form by bacterial action [9].” The benefit of composting is that the output supplies
humus to the soil that is known to increase the biological activity in the soil. Although not a
fertilizer, research has shown parallel crop responses to that of commercial fertilizers. The
additive of compost to manure increases the organic content of the soil and as a result plants
experience fewer diseases.
Bokashi is a method of composting of Japanese origin invented in the 1980s by Professor
Teruo Higa. Bokashi means „fermented organic matter‟ and relies on five different kinds of
microbes that thrive without oxygen. Unlike conventional composting, Bokashi decomposes
organic matter through an anaerobic process. The combination of the microbes is referred to as
“Effective Microorganisms” (EM) by the company that promotes Bokashi worldwide. [10]
The advantages of Bokashi composting in HNK include its ability to deal with all types
of kitchen wastes. [Refer to Appendix J] Refer to Table 10 for the composting product information.
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Composting Product Information
Product Selection

Product Information
Galvanized Steel Garbage Pail With Cover &
Locking Bail Hand


SKU: 409227



Model 6110



UPC 85995001096



10 gallon



Galvanized Steel



Price: $16.55



Shopping Link:
http://www.idealtruevalue.com/servlet/t
he-13272/Detail

Product Selection

Product Information
All Seasons Bokashi Compost Starter


Product Number: C27004M



1 gallon bag



Price: $10.95



Shopping Link:
http://www.enasco.com/product/C2700
4M

Table 9: Composting Product Information
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Evaluations on Recycling
Recycling has a variety of benefits to both the environment and the economy. Benefits
include conservation of energy, saving natural resources, and reducing pollution. The raw
materials from recycled materials may be used to make new products that is energy saving.
“Using recycled materials means we can log fewer forests, mine fewer metals, and drill for less
oil. [11]”
Most of HNK residents have access to the government recycling truck that runs through
the town bi-weekly buying recyclable goods such as paper, aluminum cans, and glass. [Refer to
Appendix D]

Many households participate in the program, however, in large clusters of areas without

collection sites adequate enough to hold the generated recyclables often become inundated. As a
result, recyclables generally good for sale become mixed up in the dumps and eventually a part
of the decomposing piles of garbage. It is important to design a system with an adequate
separation and collection site that can accommodate the large clusters of homes to prevent the
pile up of recyclables. Refer to Table 11 for the recycle bin product information.

Recycle Bin Product Information
Product Selection
Product Information
Neu Home Collapsible Recycle Bin


Corrugated Polypropylene Construction



4-Oversized Slots



Includes Stickers for Paper, Plastic,
Glass, and Aluminum



Measures: 14.5" x 14.5" x 24.25"



Price: $16.19



Shopping Link:
http://www.sears.com/shc/s/p_10153_12
605_00853366000P?vName=Bed%20&
%20Bath&cName=BathAccessories&sN
ame=Wastebaskets&psid=FROOGLE01
&sid=IDx20070921x00003a

Table 10: Recycle Bin Product Information
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Recommended Number of Purchases Based on Product Selection
Based on the product selections and their manufacturing processing capabilities, the
following number of each product must be purchased to satisfy the required capacities. Refer to
Table 12 for these numbers.

No. of Purchases
Recycle Bin:
Paper
1

Recycle Bin:
Glass
3

Recycle Bin:
Metal
2

Waste Station

Incinerator

Chinese Tribe

1

Compost
Bin
10

Pana Seri Tribe
Pre-School

1

1

1

1

1

Akheau Tribe
HNK
Dormitory
HNK Wittaya
Middle School
HNK Health
Clinic

NA
1

NA
1

1
1

1
1

1
1

1

12

2

3

2

1

NA

1

1

1

Table 11: Optimal Number of Purchases Based on Product Selection
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Village Education
The lack of education is a major factor driving the health and waste problems in HNK.
Despite major local efforts from the HNK Wittaya Middle School and the HNK Health Clinic,
preventative health measures such as hand-washing are not commonly practiced in house. [Refer to
Appendix D]

This is because the people often don‟t make the connection between sickness to poor

hygiene and exposure to waste activities. Strengthening education is ideally the most
advantageous method of eliminating the root causes of the problem; however, the education
system is not something that can be easily fixed. A more attainable level of approach is then to
educate the people that are directly involved with the project. “People accept change that they
understand. In most parts of the world, people remain ignorant of modern explanations of
disease transmission because they are isolated and they lack education. Once understood one
can change a community’s opinion about the need for improved sanitation. [9]”
According to a case study performed in the Baromtuilokanat 21 Community, training
programs, study visits, and group discussions were critical in their project implementation. [Refer to
Appendix G]

Following their strategy, one of the deliverables for this project is then a development

of a pamphlet used strictly to educate the people. The pamphlet contains information
highlighting proper solid waste treatments and their associated risks.
The EWB travel team will use the pamphlet as materials in the „Technology Transfer‟
workshops to educate the people and transfer the technological know-how. Presently, the plan is
to implement the Integrated Waste Management System and several other civil design projects
during the next implementation trip. But prior to the implementation of these projects there will
be a request for the locals to attend Technology Transfer workshops; this is to get the people
involved and drive away failures based on technical know-how and socioeconomics. Hopefully,
the strategy of approaching the project in multiple directions will increase the chances of project
success.
Refer to https://sites.google.com/site/wdsaduong/ for access and download the Pamphlet
on Waste Management Strategies with Emphasis on Health and Education.
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Methodology
Validating Decisions for System through Simulation
A simulation was developed in order to validate the design decisions. Simulation
includes modeling of systems in order to gain valuable insight. A key characteristic to its
usefulness is that it can imitate the probable realistic effects of alternative conditions and courses
of action. Its purpose is to not be the instrument that dictates the ultimate decisions for the
project, but to help serve as a rational evaluation and validated support in the decisions made in
favor of the project.
The simulation was developed in a ProModel Software. The model emulates the system
design following design parameters discussed in the methodology. There were several
assumptions that were made for the system for simplicity purposes.
Model Assumptions


System contains 6 waste processing stations, placed by geographical location.



Each waste station has its own maximum processing capacity number (Refer to Table 7).



Assumes infinite entity arrivals from 4 main points of entries.



Entity arrives at an exponential rate of 5 per hour (averaging one per every 12 minutes).



Peak Times is 8 hours per day between the hours of 9AM-5PM.



Assumes all unaccounted for waste (not properly processed) accumulate in one collective
dump site.



Whenever waste stations fill to maximum capacity entity balks to next nearest waste
processing station. Includes dump site.



Waste Stations purged every 2 weeks.

Figure 11 is a snapshot of the running model. The village people (represented as the
green entities) are entering their respective system waste stations from a multitude of directions.
The gages (represented by green bars) measure the level of waste processed as the entities enter
and leave the waste station. The gage to measure the level of waste (represented by a red bar)
that is improperly processed (called the „Dump Site‟). If at any point the waste stations are filled
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to maximum capacity, the entity will follow a path to the nearest next waste processing site
(either it be a waste station or the Dump Site).

Snapshot of Simulation Model

Figure 10: Snapshot of Simulation Model

Refer to https://sites.google.com/site/wdsaduong/ for access and download to the
simulation model.
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Results and Discussion
Justifying Project Selection
In determining a project selection, this chart extracted from the Industrial Manufacturing
Project Management course at California Polytechnic University San Luis Obispo, illustrates the
relationship between profit potential and technical feasibility. The project falls in the upper right
hand corner which is ideal because the project is technically feasible and provides a high profit
return. Refer to Figure 10 for the project management chart.

Justifying Project Selection

Figure 11: Justifying Project Selection

Simulation Results
The statistical results based after generating two simulation runs (based on a one month
period and a six month period) is a 71% utilization rate of the system. Refer to Table 13 for the
utilization rate percentages before the system and after the system was put in.
https://sites.google.com/site/wdsaduong/]
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[Refer to

Simulation Results
Based on a One Month Period
Dump
System
0%
71%
100%
29%

Before
After

Based on a 6 Month Period
Dump
System
0%
71%
100%
29%

Table 12: Simulation Results

Ultimately, the simulation model confirms the design decisions for the system and the
statistical results are in favor of the project.

Initial Investments
The grand total of the project is $5,324.95 (based on US prices). The initial cost
estimates does not include taxes or shipping and handling. In addition, set up and maintenance
costs are excluded in the cost calculations. Refer to Table 14 for the breakdown of the individual
product costs.

Initial Project Investments
Purchase
Incinerator
Compost Bin
Bokashi Mix
Recycle Bin

Quantity
5
24
240
25

Unit Cost
$379.00
$16.55
$10.95
$16.19

Total Cost
$1895.00
$397.20
$2628.00
$404.75
Grand Total $5324.95

Table 13: Initial Project Investments

Profit Potential
Based on the volumes of compost and recyclables generated and sold (based on US
market prices) the total profit potential is $12,238.24. Refer to Table 15. For analytical
purposes, this numerical value is based on the assumption that sales are in lumps that can only be
exchanged when the entire system is filled to capacity. For example, the system would fill to
maximum capacity; the materials are then unloaded and sold altogether (hence, the lump sale);
once the system is purged of its materials, the cycle would restart and is able to sell again after its
capacity levels are met.
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Project Profit Potential
Product

Market Price

Compost
Metals Recyclables
Glass Recyclable

$17/Cubic Yard
(or 202 gallons)
$40/lb
$0.05/bottle

Paper Recyclables

$2.25/lb

Quantity Produced
for Pop. of 2835
3,024 gallons

Profit

252 lbs
6,300 lbs
(approx. 340 bottles)
945 lbs
Profit Total/
Lump Sale

$10,080.00
$17.00

$14.99

$1226.25
$12,238.24

Table 14: Project Profit Potential

The total project profit total is $6,913.29. The total project profit total is the potential
profit total minus the total costs incurred for a one time system set up.

Return on Investment
The Return on Investment (ROI) for the project is a positive value of 1.30 which means
that the project is a good investment.

Worst Case Scenario
The worst case scenario for the project is that the system must be rebuilt every time once
it fills to maximum capacity; either due to weather, wear and tear, or improper maintenance. As
long as the project is utilized to its full potential (capacity levels) at least one time to generate
one lump sale, its profit will still prevail over the investments. Base on this analysis, it is
intuitive and unnecessary to calculate the Rate of Return (ROR).
Social Return on Investment
Profit is not always based on dollar amounts alone. “In some instances, decisions may be
made on the basis of dollar cost-benefit analysis alone. Yet, in most situations overriding
benefits to health, conservation, recreation, and aesthetics must enter and dictate solutions. [5]”
A Social Return on Investment (SROI) measures the social and financial value created by
non-profits such as EWB to evaluate project impacts in developing countries. It assesses the
values of stakeholders rather than financial figures where the market value is almost
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incommensurable. This is a good method in which to evaluate resource allocation decisions.
Evaluations of the social and environmental impacts of the project are discussed below.

Decreasing Health Problems and Extending the Lifespan
One of the main goals of the Integrated Solid Waste Management System is to minimize
the health risks involved in open dumping and burning. Economic justifications can be placed
on the decrease in health clinic visits, medical bills, hospital visits, and/or loss work days.
In some severe cases, the system benefit may be death prevention. Children are often
seen playing in the streams near open burning events. These conditions prove to harmful if the
smoke is inhaled and even detrimental if the children come in close contact with the uncontrolled
fires.
Furthermore, parents in HNK often fear children playing in the water because of the risk
of drowning. A local explained that during the monsoon season the water would rise due to the
waste blockages (accumulated from open dumping) and a child was loss as a result. [15]
Monetary profit may be a good justification for project investment. However, lives
cannot be equated to dollar figures; and the value of a human life should itself be a reason to
make the project substantial.

Incinerating, Still a Better Alternative
In a system that involves incineration, it is appropriate to discuss the mainstream issues
of that come alongside the technology. Toxic fumes and emissions of heavy particle metals from
incinerators are concerns of environmental groups and pollution control advocates. According to
a case study, however, tests on a medical waste incinerator at the Thailand Ratchasima-Thonburi
Hospital indicated that concentrations of bottom ash and toxicity levels are well below U.S. EPA
limits and Thailand standards. Applications of small scale incinerators at local levels in HNK
should suffice these conditions as well.

[Refer to Appendix G]

Conserving Natural Resources
As population sizes increase and resources decrease with industrialization, the green
theory is the support for maintaining future generations. The Integrated Solid Waste
Management System incorporates the principles of sustainability and appropriate technology in
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efforts to preserve the regional environment in HNK and the ecosystem. “The more we can
constrain demand, the less supply capability we will need - which means reduced initial
investment and lower maintenance costs. [16]”
Evaluations of Other Alternatives
The Integrated Solid Waste Management System discussed in this report is, after
thorough research and analysis, one of the most advantageous waste structures recommended for
HNK. However, this does not indicate by any means as the only and most optimal solution.
There are countless approaches, methods, and applications of waste theories that can be
explored. A few alternatives were evaluated that never made it into the design of the system
(some did, however, have the potential to show promising results). The analyses of these
alternatives are discussed below.

Sanitary Landfills
The most common method of waste disposal in the United States is the use of sanitary
landfills. This means burying the waste and covering it with soil. However, application of such
technology in HNK is neither practical nor beneficial.
For one, land requirements recommend that minimal planning of a 20 year period for
active use of the landfill. This means that the projected location of the landfill must have
adequate allotment for 20 years worth of waste. Asking conditions for sanitary landfills in HNK
is unrealistic. There are far too few people for such a system. More problems from landfills
include “groundwater pollution, generation of methane or other noxious gases and odors, and
breeding or harboring of rodents, fly, and other pests. [13]”

Pyrolytic Techniques
Pyrolysis is mainly utilized in plants in the United States to meet pollution control
standards and to generate profit. The output of the process is gases which are useful as fuel and
even process energy. The operation involves destructive distillation (with carbonization) and
thermal decomposition. [13] The pyrolysis technology remains impractical in HNK since the
application is mainly for wastes that are difficult to burn and for cities with larger populations
than 3,000.
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Refuse Shredding
The desirable quality of shredding is volume reduction of 10-30% compared to raw
refuse. [13] This technology should be further explored for a design of a simple and sustainable
type of machinery to conduct the process without the risks of bodily harm.

Vermi-Composting
Worm bins can be used to take composting to the next level. Eisenia fetida or Lumbricus
rubellus, commonly known as “Red Wigglers” are put into the compost bins. They thrive on
food scraps and digest half their weight in food scraps daily producing a high quality fertilizer
called “vermicompost” in as little as four months. [14] This application works in HNK because the
worms can account for the daily output of organic waste each day faster than stand alone
composting. Red wigglers exist pretty much anywhere in agricultural regions (especially ones
that farm and grow crops) and are abundant in regions like Australia and Thailand.

Alternatives of Corn By-Products [9]
Corncob Concrete: The by product can be used as an aggregate for low-density concrete of
higher than ordinary thermal insulating values. The product is said to withstand nails and
screws.
Light-Weight Bricks and Ceramics: By grounding the by product and mixing it with clay, a
porous product can be produced when fired.

Manual Compactors
Separating recyclables from the trash in HNK will reduce the amount of waste that is
incinerated. If the separated recyclables are compacted, then they will take up less space.
Compaction will also make it easier for the recyclables to be collected, which will be an
incentive for the recycling trucks to come to HNK regularly. [Refer to Appendix K]

General Waste Characteristics and Guidelines for Disposal
In addition to these alternatives, there are certain guidelines for different waste that falls
under different classifications that may or may not related to solid waste. [Refer to Appendix F]
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Conclusions
Finally, the vital accomplishment of the project is a design of a modular, sustainable, and
an appropriate system for tribal areas in Thailand. The Integrated Waste Management System
combines both the applications of advantageous waste techniques and popular waste theories.
Imperatively, the solution is not only problem specific to HNK but adaptable for all areas of
similar circumstances; thus, making the project expandable to all other areas of rural
development as long as conditions permit.
The initial investment for the project is $5,300 and the profit potential for the project is
closer to $7,000. Special consideration should be made upon evaluation of these numerical
values. For one, the financial analysis was done based on US market prices of purchased and
sellable goods. Idealistically, the system would be constructed locally therefore the initial
project investments should reduce dramatically and any profit made would be entirely dependent
on the Thai local market. Whichever the case may be, the project is still a good investment as
indicated by the positive Return on Investment.
Furthermore, the main purpose of the project was to increase the quality of life for HNK.
Economically speaking, monetary profit may justify any project investment; however, the root
motive for the project was the development of a system with a high Social Return on Investment.
Ultimately, the people should expect to see a decrease in health problems, increase in lifespan,
and conservation of natural resources.
Moreover, high profit potential is not a good indicator of technical feasibility therefore it
was pertinent to explore the system‟s ability to accommodate the intended village. From the
model simulation, results confirmed that the system design is feasible and the people can expect
(in theory) a 71% reduction in waste volume. However, keep in mind that human fabricated
systems are not ever perfect and this number is sensitive to external influences.
In collaboration with EWB, design of materials for educational and implementation
purposes were prepared. Refer to https://sites.google.com/site/wdsaduong/home for the Health
Pamphlet and Plan for Implementation. EWB originally had plans to implement the project in
June 2010, however, as of the moment political strife in Thailand has postponed the trip to a later
tentative date. In any event, because of the inherent design flexibility of the system the
postponement is not critical to the life of the project.
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In summary, the path to design and development of the Integrated Waste Management
System was a humbling experience. It shifted the mindset of solely stressing theoretical
ideologies to the importance of understanding the customers. It‟s a fact that human fabricated
systems are never perfect; however, it is not based on perfect design that one can avoid project
failures. The lesson learned here is that high indicators of successful projects are the ones that
design solutions central to the customers. In the past, many EWB projects would run into
problems that were easily avoidable, yet these were the problems that were often overlooked and
caused the most grief.
The strength of sponsorship support is in latter the definitive determinant on the senior
project success in the face of obstacles. Similar to an umbrella, the support of EWB as a parent
sponsor has safeguarded the senior project from external complications. In retrospect, customer
involvement and sponsorship support was undeniably instrumental and was in large a strong
mainframe for the senior project; and that is what ultimately helped the project set sail.
The hope for the senior project is that it may become a useful instrument in enhancing the
quality of life for the people of HNK; and through its design can provide lasting impacts for the
village and future generations to come.

Future Work and Plans
The plan for the senior project is to work collaboratively with EWB to implement at least
one, if not all, waste stations during the next implementation trip (tentatively Winter 2010).
EWB USA has already approved the project plans in May 2010; therefore the next step is
contingent on whether or not the team gets adequate funding and most importantly, whether or
not the political strife in Thailand subsides. As long as EWB continually supports project work
in HNK the project can be expanded thereafter based on the system‟s inherent modularized
design. However, it is not entirely impossible for the village to expand on their own once the
technology is transferred since the system is designed to be constructed locally.
Future work for the project is the development of a standardized facility design of the
waste system. That is, a centralized facility that can handle and process large amounts of
unsorted waste for an entire village. The delivery then is a formal and structuralized layout
rather than piecing together the small scale (however still advantageous) equipment as
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recommended in the Integrated Waste Management System. The design can then be put into the
EWB data base and be accessible by any other national teams with projects of similar interest.
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Appendix A: Huai Nam Khun Background
Included in this appendix is relevant Huai Nam Khun background information to provide
further insider information about the village such as the topography, demographics, and shared
areas between the tribes. Refer to Figure 1 for a topography map of Huai Nam Khun and the
surrounding region.
Demographics
Extracted from the Engineering
Without Border‟s Cal Poly Thailand‟s
official website
https://sites.google.com/site/ewbcpthai/.
Below is Huai Nam Khun‟s demographic
information.
 Population: Approx. 3,000
 Ethnic Tribes: Akha, Akhu, Chinese,
and Lahu
 Languages: Akha, Akhu, Chinese,
Lahu, and Thai
 Nationalities: Akha, Akhu, Chinese,
Lahu, Lisu, Yao, and Seventh Day
Adventists
Figure 12: Topography Map of Huai Nam Khun





Religions: Buddhism and mainly Christianity
Employment: harvesting teas, agriculture, and city work
Education: older generations: little to none, younger generations: 10-20% enter high
school stopping at 10th grade, 1% move on to universities

Community Centers
Below are community center areas neutral in jurisdiction:
 Huai Nam Khun Wittaya Middle School: Attended by most children in the region.
 Huai Nam Khun Dormitory: Built by Jonny Morse to mainly house students outside the
region in exchange for rent money.
 Huai Nam Khun Health Center: Built by the Thai government with only basic equipment
and operated by two health care workers with no doctors on staff.
Illustration 1 indicates where the Integrated Waste Management System fits into the
project timeline.
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Huai Nam Khun Project Background
1960
1st permanent
settlement

1970

Addition of
neighboring hill tribes
mainly
Chinese soldiers fled Akha, Akhu,
to HNK during
Chinese,
communist
and Lahu
revolution

1980

1990

Thai Gov't
Projects:

King's Projects (1984)

roads, power lines,
schools, agricultural
extensions centers,
and health clinics

●

2005-Present

Water Project (1987):
gov't funding

1st Project
focus on development, planting
food, and drug removal

2nd Project
focus on planting fruit trees, coffee,
teas, vegetables, deforestation
prevention
●

Other Active Projects:
Protect the
Akha, soil improvements,
& DAPA

EWB Involvement
UCSB
●

built dormitory septic system

Seattle University
●

built dormitory

CAL POLY
●
Septic Tanks, Slow Sand Filters,
and Leach Field.
●
Anaerobic digestor
●

Waste Disposal System

Illustration 1: Huai Nam Khun Project Timeline

Appendix B: Historical Survey Results and Observations
Included in this appendix are previous survey results and observations conducted by
Engineering Without Borders Cal Poly Thailand between 2005 and 2009.
Survey Results
Extracted from the Engineering Without Border‟s Cal Poly Thailand‟s official website
https://sites.google.com/site/ewbcpthai/. Below is data collected from past administered
surveys:
 Average of 5.27 people reside in each home.
 Average of 2.16 attend Huai Nam Khun Wittaya Middle school.
 The Akha, Akhu, and Lahu household averages 6.5 people.
 The Chinese household averages 4.5 people.
 Average income of $1050 per year through farming or labor work.
 Most have access to electricity, running water, medical attention, wood for cooking, oil
for automobiles, food, and either television or radio for communication outside of Huai
Nam Khun.
 Chinese tend to have more money and work as shopkeepers, whereas the Akha, Akhu,
and Lahu work as farmers.
 The two major exports are tea and textiles.
 All tribes have people skilled in concrete work.
Observations
Extracted from the Engineering Without Border‟s Cal Poly Thailand‟s official website
https://sites.google.com/site/ewbcpthai/. Below are important highlights from previous
assessment and implementation reports.
Developing a proper Waste Management System is a major concern for the people of
Huai Nam Khun. Reports dating as far back as 2005 from EWB-CP teams under different
project managers indicated the consistent need for better waste treatments.
A few years earlier, the EWB-CP 2005 team reported a possible source of sickness in the
community to be poor sanitary habits. Observations for possible future projects included a
municipal solid waste collection and/or disposal. During interviews, villagers stated that there
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had been discussion of a centralized incinerator, but no organization or effort has ever been
made.
In December 2005, two students concluded that a trash project still remains to be a
community concern. However, this time Huai Nam Khun Wittaya Middle School openly
requested to be a possible project for further investigation.
In 2008, the EWB-CP team assessed that of the 14,725 patients visiting the Health Clinic,
34% of the illnesses were from the respiratory system. This made diseases of the respiratory
system the top illness in 2008.
In 2009, the EWB-CP team reported that the results regarding respiratory problems were
larger issue than the gastro-intestinal problems. Multiple families prompted that trash disposal
was a major issue. Children were seen playing around trash and open burning areas indicating a
lack of awareness in terms of burning plastics and organics.
And recently, during the Assessment Trip in Winter 2010 the Health Clinic indicated that
during 2009 there were a reported 3751 cases of respiratory problems of the 5000 patients.
Among health problems, there are a variety of other environmental concerns. Open
dumping is extremely dangerous because during heavy rain seasons the village often floods due
to the water rise from the waste blockages. Parents express concerns that children playing along
and in the river are at risk of drowning.
Spring 2009 Assessment Trip Notes
Refer to the Engineering Without Border‟s Cal Poly Thailand‟s official website
https://sites.google.com/site/ewbcpthai/ for notes from the Spring 2009 Assessment Trip
compiled by Aaron Lichtner, the previous Health and Odd Jobs Officer.
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Appendix C: Winter 2009 Assessment Trip Survey Results
Included in this appendix is the trip Gantt Chart, population sizes, survey results on the
most commonly practiced waste treatments collected from the Winter 2009 Assessment Trip.
Below is a copy of the survey and questions to the Sustainable Development Extension Services
Committee administered during the Winter 2009 Assessment Trip.
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Figure 2 summarizes population numbers obtained through interviews conducted during
the Winter 2009 Assessment Trip.

Figure 3 is a consolidation data of the respective tribes and their most predominant
disposal methods obtained through interviews with tribe leaders conducted during the Winter
2009 Assessment Trip.
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Data 1: Health Survey Chart
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Appendix D: Winter 2009 Assessment Trip Interview Notes
Included in this appendix is recorded information during the Winter 2009 Assessment
Trip. Below are highlights and important interview comments conducted with formal and
informal leaders as well as a few local village people.
Huai Nam Khun Dormitory Father Moodi
 Suggests using a cement tank they currently have to use for composting in the future.
 The garbage hardly ever finishes burning so they keep re-burning the trash until they can
achieve full combustion. Ash is kept on the ground and nothing is done with it.
 Suggests a brick burner with a detachable aluminum cover so burning can still be done
during the rainy season.
 Thinks landfills are a better alternative.
 Coughing usually happens during the cold season.
 Did not know burning plastic and aluminum can cause cancer.
Huai Nam Khun Wittaya Middle School Principal Sirichai Chueinta and English Teachers
 Not familiar with the idea of compost, but likes it very much.
 Trucks come every 2 weeks to pick up recyclables, includes compactor.
 Digs a big hole near the SSF and burns garbage. Burns afterschool at 4, everyday.
Utilizes both burners. Problems with plastics, milk cartons, and ash.
 Organization endorsed money for the burners with request by Principal. Burners built by
a local contractor.
 Says that they read about composting but have never seen one in the working.
 Willing to translate documents.

Figure 13: Huai Nam Khun Wittaya
Middle School Recyclable Exchange
Rates

Figure 14: Incinerator Costs

Figure 15: Pana Seri Recyclable
Exchange Rates

Pana Seri Tribe Pre School Principal and Two Assistants
 Not familiar with the idea of compost, but likes it very much.
 Engage children in craft projects to reuse the milk cartons.
 Burns afterschool in the evening, everyday. Problems with milk cartons and aluminum.
 Likes the idea of waste management system for the region.
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Huai Nam Khun Health Clinic: Titisak Nakeelee and Sayam
 Wraps garbage in a red cloth and burns behind the Health Clinic.
 Reaches complete combustion, no leftover content. Mainly biohazards.
 Sells recyclables to trucks for money, but not much.
Ja Ka Tribe Leader
• Considers Huai Nam Khun the 'city' in respect to their clan.
• No recycling is done because the trucks done come far out enough.
Ja Bua Tribe Leader
• Openly admit to dumping into the Huai Nam Khun River.
Jamo
•
•
•
•

Expresses that every community has a garbage problem and thinks it‟s hopeless.
Set up meetings with other Headmen but the leaders cannot solve it amongst themselves.
Attributes the problem to development.
Tried to educate the neighborhood but nobody listens.

Main Long High School Principal Kumusum
• Observation of a dumping site behind the Chinese Junior High School.
• Observation of a cement burner behind the Main Long High School.
• No real system, but ashes from the cement burner piles into the plants and vegetation
garden nearby.
Chinese Tribe Leader Ga Sho
• Attempting to organize garbage into one single location.
• Mainly children throw the garbage anywhere they want.
• A few individuals boil their water.
• Not everybody practices washing their hands with soap.
• Do not wear face masks while burning.
Local Jaui
• Due to their location on top of a hill, they dump their garbage into the valley and the
forest.
• Did not know burning plastic and aluminum can cause cancer.
• Most adults drink tea, this means they mainly drink boiled water.
• Not everybody practices washing their hands with soap.
• Do not wear face masks while burning.
Local Nasse
• Prefers burning or dumping outside the region.
• Runs the local rice mill and owns pigs.
• Soil prices 50kg = 600B. Uses 1 to 2 bags a year.
Local Minsua
• Gives leftover food to animals for feed.
• Prefers burning because it doesn't take up space. Burns once a week in the morning.

57

Appendix E: Winter 2009 Assessment Trip Daily Log
Included in this appendix is recorded information during the Winter 2009 Assessment
Trip. Below is a day to day account of all observations and activities regarding the waste
structure in Huai Nam Khun.
Tuesday 12/15/09 Arrival Day
Morning
In Ban Mae Tham, on the way up to Huai Nam Khun there was a short stop to observe
the new government landfill project. The sign was translated as followed:
Government Landfill Project
1. Landfill is open to Ban Mae Tham only.
2. No burning is allowed.
3. No dumping of brick, cement, soil, and sand.
4. By following these guidelines you will help the environment.
If you break the following rules, there is a penalty of 600 baht.
January 20, 2549
Follows Kingdom of Thailand calendar
Translated by Piang
During the visit, there was an account of two people dumping into the landfill.
Afternoon
There was a short meeting with the Principal of Huai Nam Khun Wittaya Middle School
discussing the project proposal for the school. We quickly went over concerns regarding the
escalation of trash produced from the school. He offered a nod of approval towards the idea of a
possible implementation plan in the summer and quickly left for errands.
There was a quick site assessment at the Dormitory and Trash Lot to account for any
changes since Spring 2009. The Dormitory remained pretty much the same, except a new
construction project of a new cafeteria was starting behind the Dormitory. The Trash Lot
seemed fuller with trash than the last visit and the trash bin used for burning was moved closer to
the stream leading to Huai Nam Khun River. There was a new animal cage used for holding
chickens and pigs to the right of the trash bin.
Wednesday 12/16/09 Pana Seri
Morning
Location: Pana Seri’s Pre-School
Contact: Principal and Two Assistants
Translator: Ying
Ying, the translator, arrived in the morning. She spoke fairly good English and is fluent
in Thai and Akha. She showed me the surrounding area and her community that she lived in
which is called Pana Seri. Her background involves working in Chaing Mai where she met her
husband a Japanese man and they have a four year old daughter name Natalie.
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The morning continued by following Ying to pick up her daughter from the Pre-School.
There wasn‟t much visible trash surrounding the school but later we soon discovered that the
problem is larger than what we could see with the naked eye.
The interview with the Principal and the two assistants went fairly well. We asked health
questions regarding sanitation practices and the methods in which they eliminate their waste.
They were aware that the smoke from burning was unhealthy but felt that there is no other way
to fix the garbage produced daily because the quantity is just too big to handle otherwise. They
had difficulty burning the milk cartons rationed by the government that the children drink 3 to 4
times a day. We looked at the milk cartons and they were lined aluminum and plastic. They had
made several art and craft projects with the milk cartons but that wasn‟t at all adequate to solve
the problem.
The project idea was presented and the Principal agreed that the project would be
extremely beneficial and liked the idea of a better way to burn and compost. They said that they
recycle all the materials that the trucks would buy and showed the recycle bins stashed in the
closet.
In addition, she explained that they currently use the Pana Seri‟s Meeting Hall as a
temporary place for the Pre-School and expresses that they would build a structure for the school
below the Meeting Hall when they can raise enough money.
The Principal thanked for the efforts and asked for a quick signature in her visitor‟s book.
She wished a great trip and hope that there will be consideration of her school in the
implementation trip in the upcoming summer. She said they she will be more than willing to
maintain the system if it were to be implemented.
Afternoon
The 1st SudEx meeting began at 6PM with the order of the presentation as followed:
 There was a quick introduction and the purpose of the meeting.
 There was a recap of the past, present, and introduction of the future projects.
 The main idea of the trip was to hopefully expand the Slow Sand Filters to the rest of the
other communities.
 The idea of the Biodigester was introduced.
 The idea of the Waste Disposal System was introduced.
Notes:
- The Principal nodded in agreement that there is a garbage problem.
- There was a quick mentioning regarding the health effects of burning plastic and
aluminum.
- And lastly there was emphasize on recycling to make money.
 The meeting wrapped up with scheduled dates to speak to each community to provide a
fair chance to everyone to voice their concerns and whether or not they are interested in
each of the projects.
The Principal expressed that there is a garbage problem at the school and offers to sets up
a meeting at 10AM on Thursday to learn more about the Waste Disposal System.
The scheduled dates to speak with each community were as followed:
Meeting Days
 Thursday- Pana Seri & HNKW
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Friday- Doi Ngam
Saturday- JaKa, Ja Bua, & Chinese
Sunday- Akheau & Roi Jor
Monday- 2nd SudEx Meeting

Thursday 12/17/09 Pana Seri & HNKW English Teachers
Morning
Location: Pana Seri
Contact: Headman Prescha
Translator: Ying
In the morning, the group met with the Pana Seri Leader Prescha with the help of Ying
translating Akha.
The Leader explained that although Pana Seri is one community it is split into three parts
spread about Huai Nam Khun.
1. Mai Jan Tai- 34 houses adding to 200+ people
2. Ban Mae Patana- 54 families adding to 320 people
3. Pana Seri- 1000+ people
The leader expressed that there was not enough land in the community, since it is split
into three areas, to put the garbage facilities and therefore they are not interested in the project.
However, he approved that if the Principal of the Pre-School endorses the project for her school
then the project can be limited to that area only since there is talk about building a new PreSchool structure.
He goes on to explain that “little burning is done inside the village and the bigger burning
is done outside of the village”.
Afternoon
Location: Huai Nam Khun Wittaya Middle School
Contact: English Teachers Tikky and Oy
No translator necessary
The Principal had an emergency out of town function so the two English teachers at the
Huai Nam Khun Wittaya Middle School filled in for his shoes. The project was explained in
depth about burning, composting, compacting, and recycling. They expressed positive
endorsement for the project and showed enthusiasm about composting. They said that they are
frustrated with the lack of a better way to get rid of the trash and it‟s been a problem for as long
as they remember.
They offer to be the main contact persons for the project since they are in charge of
rounding up the students every week to go pick up recycling and supervise the afterschool
burning. They explained that they would definitely educate about proper waste practices and
sanitation since all of the students take English at least once a week once the project is
implemented.
Friday 12/18/09 Doi Ngam, Health Clinic & HNKW Principal
Morning
Location: Doi Ngam
Contact: Headman Tila Pohn
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Translator: Ying
In the morning, the group met with the Doi Ngam Leader Tila Pohn with the help of Ying
translating Akha.
The leader expressed that the community‟s first priority is clean drinking water. In
addition, there is not enough land for a garbage facility therefore they regretfully have no need
for the project.
Afternoon
Location: Health Clinic
Contact: Doctor Titisak Nakeelee and Assistant Sayam
Translator: Piang
The meeting at the Health Clinic with the Doctor and his Assistant went extremely well.
He provided health data from the past year regarding his patients. The translator this time was
Piang who translated in Thai since Ying had other duties to attend to.
There is an area behind the Health Clinic near three water silos where they currently
burn. Most of the materials being burn make up of biohazards. They wrap the content in red
fabric and light it on fire. Assessing the leftover ash there isn‟t much that is visible proving that
the waste is undergoing proper combustion.
It is not appropriate to recommend composting since the Health Clinic only disposes of
biohazard waste. In addition, recycling is highly emphasized therefore there is no need of a
recycling recommendation.
The Health Clinic is the largest educator on sanitation and H1N1 prevention handing out
posters provided by the government to all patients. The Doctor gave a sample of several posters
for future use in the project if needed.
After the site assessment, it is safe to say that they do not need a waste disposal system.
However, there could be a possible recommendation of a burner that can handle biohazards
depending on the decision matrix.
Location: Huai Nam Khun Wittaya Middle School
Contact: Principal Sirichai Chueinta
No translator necessary
The meeting with the Principal went extremely well. He speaks fluent English therefore
no translator was necessary. There was explanation of the health effects of burning, the
importance of recycling, compaction, and introduction of composting. He seems to really like
the idea of composting since they have a huge food waste problem. Also, he is not very happy
with the way the two burners turned out since he worked hard to get it donated and they no
longer work to optimum capacity.
He doesn‟t seem to be familiar with the idea of composting but likes it very much. The
school currently has a recycling process but it seems as though there is no strategy towards
collecting the items. Students are sent out after-school or volunteer to go pick up recyclables and
in turn the money they make partly goes to those individuals and the school. He says that the
recycling trucks come periodically every 2 weeks with a compactor to minimize the volume of
the plastics and paper.
As for burning, the students, teachers, or maintenance workers either uses the two burners
that they currently have or dig a big hole up the hill near the Slow Sand Filters. They burn
afterschool everyday at around 4. They currently use both burners, but both are not to working
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order. The burners were endorsed by an organization with money after the Principal send out
donation requests. Both were built by local contractors. He says they have major problems with
leftover plastics, milk cartons, and ash that pile into the river.
There is a little bit of dumping, usually garbage is placed in a large plastic bag and driven
out to the forest.
He explains that students between grades 4-9 learn English through two English teachers.
He believes it‟s a good start to begin asking them for support since all students take English
classes and maybe sanitation education can be incorporated into the curriculum. The students
are taught how to wash their hands and shower but there is no emphasis on the health effects of
burning.
Saturday 12/19/09 Dormitory, Ja Ka, Ja Bua & Chinese
Morning
Location: Dormitory
Contact: Moodi
Translator: Sheila
Moodi, the Dormitory father, was very excited about the compacting and burner aspect of
the Waste Disposal System. The translator was Sheila since Moodi only speaks Lahu, a
language that is more known amongst the older people of Huai Nam Khun. Moodi is happy to
be the main contact person to maintain the project if it is implemented.
He indicates that the entire region has a garbage problem. Upon hearing about the
compost idea he suggests using a ground cement tank they currently have for composting. He
explains that they recycle whenever the trucks come but the most used method is burning. He
goes on to say that the trash never completely burns at one time and that he or anyone else
handling the garbage has to continue to light the trash on fire until it fully burns. The remaining
ash is left as is. Moodi is very knowledgeable and eager to learn. He suggested a brick burner,
as it offers a temporary burning alternative, and indicates that putting a detachable aluminum
cover will allow burning to continue even during the rain.
Ultimately however, Moodi thinks that landfills are a better alternative to the region‟s
waste problems because it may unhealthy for the environment but it offers people a way out of
breathing in the smoke otherwise released from burning.
Afternoon
Location: Ja Ka
Contact: Headman Ja Ka
Translator: Sheila
The Ja Ka and Ja Bua groups are more like clans that have collectively been separated
over the years even though they have identification with the Lahu. In the Ja Ka clan there are 12
families with 100 people with only 1 family owning pigs. This goes to show how small this
group is compared to the other communities.
The leader expressed that the community‟s first priority is water. The meeting proved
that the Ja Ka and Ja Bua have the worse water quality since they explained that they have a
leech problem especially during the rainy season.
They do, however, explain that they have a big garbage problem and that they are
interested in the project in the future. Since the community has a make up of only 100 people it
is safe to say that it is unnecessary for such a system. The houses are also densely packed within
the community and there is not much land to work with. They do not recycle because the trucks
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don‟t come far out enough from Huai Nam Khun. It‟s interesting because despite the relative
closeness of each area, some are considered the outskirts of Huai Nam Khun whereas Huai Nam
Khun is considered the city.
Location: Ja Bua
Contact: Headman Ja Bua
Translator: Sheila
Similar to the Ja Ka, the JaBua is a clan and expressed that their first priority is water
since they don‟t have water distribution. The make up of the clan includes 20 houses with 150
people and 3 families that own pigs.
The Headman explained that garbage is a big problem and recycling is an option since
they‟re situated near Huai Nam Khun. He is interested in the future of the project however
indicates there is not enough land. He admitted that his people burn inside the village and openly
dump garbage straight into the Huai Nam Khun River.
Location: Chinese
Contact: Headman Jamo
Translator: Sheila
The Headman Jamo of the Chinese community speaks Lahu. There are 150 houses
adding up to 1000 people. This number includes the children at the Chinese dormitory. Of the
150 houses, there are 20 houses with pigs. It‟s easy to point out that with these numbers, one can
tell that the Chinese community is a bit wealthier than the rest of the surrounding communities.
Ying explains that this is partly because the first permanent settlement were by the Chinese and
as other newcomers arrived unwritten ownership of the land was held by the Chinese majority.
As for the garbage situation, Jamo expresses interest in the project. He says that every
community has a garbage problem and thinks it‟s hopeless since he‟s tried to organize meetings
but there is no solution amongst the leaders. He attributes the problem to the development in the
region. He‟s continuously tried to educate his neighbors and the community but nobody seems
to listen to him.
He says that the burning is mostly done outside the house but if it‟s completely not
burned then they dump it in the river or it gets driven out into the forest. Recycling is done on a
bi-weekly basis when the truck comes to pick up the items. As for compost, he says that it is
thrown in the forest.
Unfortunately, like many other communities the Chinese do not wear masks while
burning. The children are educated at school about sanitation but that doesn‟t mean it‟s always
practiced. And as for health effects, he doesn‟t believe there are any health problems, no
coughing or anything except for a bit of eye irritations.
Contact for Chinese schools is the Chinese teacher Kumusun from Burma who speaks
Thai.
There was no time for assessment of the High Schools since there was no attendance
during the SudEx Meeting. However, a possible assessment will be done in the next trip done by
Engineering without Borders Cal Poly Thailand. The following information was given by the
maintenance worker Ali who works for Kumusun and maintains the schools.
Chinese Junior High School
Grades 1-12
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300 Students
No burning
There was observation of a large dumping area behind the school that is piled over into
the valley. The upside of this situation is that the school is not near any streams of water
therefore the garbage doesn‟t flow into the Huai Nam Khun River.
Main Long High School
364 Students
Hostel
I observed the current cement burner at the Main Long High School and it seems to be
working properly. At the time there were no left over content, indicating proper combustion
unlike Huai Nam Khun Wittaya Middle School. The ash, whether intentional or not, feeds from
the bottom of the burner to the garden nearby. The plants and vegetation seem to thrive from the
ash, indicating a good composting system at work. Ali is the maintenance worker for the High
School.
Sunday 12/20 Ahkeau & Roi Jor
Morning
Location: Akheau
Contact: Headman Ga Sho
Translator: Sheila
Speaking with the Headman Ga Sho of Akheau we learn that the community is made up
of 48 houses with up to 300 people where 4 houses own pigs. 100 of the children go to school in
the community. He expresses that his first priority for everybody is water, however goes on to
explain the garbage situation.
Garbage is a huge problem and that the community needs trash baskets so there is a
concise order where garbage is supposed to be placed. The Headman has continuously tried to
organize into a single location but mostly the children don‟t have a place to put the garbage and
throw it on the ground whenever they pleased.
The community does not have a lot or a collective area to burn trash, many people burn at
their house on their own. They engage in recycling and drive out to dump their trash in the forest
or the Huai Nam Khun River. He expresses that they really need trash baskets to especially
show the children where to put trash so it doesn‟t end up on the ground just anywhere.
Unfortunately, they do not wear face masks when burning even though there are cases of
coughing, eye irritations, chest pains, and skin rash. Most don‟t boil their water and not
everyone washes their hands with soap.
Afternoon
Location: Roi Jor
Contact: Headman Jaui
Translator: Sheila
Roi Jor is a Christian community part of the Akhu tribe with 51 houses up to 250 people.
30 houses have pigs with at least 20 children attending school.
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The Headman Jaui is interested in the garbage system. Roi Jor is located far away from
the Huai Nam Khun River and not on the same level as the rest of Huai Nam Khun. Apparently,
Roi Jor is on top of a hill therefore they mainly dump into the valley and the forest. They engage
in recycling and open air burning.
The community does not wear face masks while burning and report cases of coughing
and eye irritations. The Headman wasn‟t aware that burning plastic causes cancer but knows that
boiling water is healthier than drinking straight from the water tank. Most adults drink tea which
means most adults drink boiled water. Not everyone washes their hands with soap.
Afternoon
The 2nd SudEx meeting began at 6PM with the order of the presentation as followed:
 There was a quick introduction and the purpose of the meeting.
 There was a recap of the past, present, and introduction of the future projects.
 Reiteration of the activities completed during the week.
 Reiteration that there are no promises regarding any implementation plan during the
summer.
 Wrapped the meeting up by thanking everyone for their efforts.
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Appendix F: Waste Characteristics and Matrix
Included in this appendix is information regarding waste characteristics and waste matrix
standards.
Figure 7 displays the varying classification of the waste, the description, and disposal
guidelines.
Classification of Waste [1]

Figure 16: Waste Characteristics

Figure 8 displays the waste matrix and the possible alternative treatments.
Waste Matrix [1]

Figure 17: Waste Matrix
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Appendix G: Thailand Case Studies
Included in this appendix are Thailand case studies relevant in either theory or
application for the designing, planning, and implementation of a waste system in Huai Nam
Khun.

Case Study #1 [2]
Purpose
Studies of heavy metal content in the bottom ash and simulated leachate from a medical
waste incinerator in Ratchasima-Thonburi Hospital showed the relationship between particle size
and heavy metal. The study explored four metals with their respective particle sizes: lead >
9.5mm, silver 9.5-4.75mm, iron 4.75-0.5mm, and zinc < 0.5mm.
Result
Figure 9 shows the study results and average concentrations of the bottom ash.

Conclusion
Results indicate that concentrations from the hospital incinerator are well below U.S.
EPA limits and Thailand standards.

Case Study #2 [3]
Purpose
In a case study published by the Asian Institute of Technology summarizes the waste
composition of the Kampuan district, Ranong province. The purpose of the field study was to
determine the appropriate management and disposal of the domestic waste. The technical team
along with community participation from Village No. 4 conducted investigations at a dumping
site and individual households.
Results
Table 1 summarizes the final results of the study.
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Case Study #3 [4]
Purpose
A case study of the 81 families in the Baromtuilokanat 21 Community was conducted by
Mr. Rangsan Pinthong, Chief of Waste Minimization Section of Pollution Control Department.
The intent was to initiate a community wide engagement for waste management. Table 3 shows
the community development of three types of waste separation.

Result
Waste composition study showed an average of 1.1 kg of waste disposed per person per
day. Table 4 shows the percentage of each types of waste with respect to the total waste pool.
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Two years after the implementation of the program, an estimated 10 ton of compost has
been produced. Further discussion each case study includes different programs success in
minimizing 20%, 30%, and sometimes even 50% of the generated waste.
Application
One aspect of the case study that should be highlighted is the application of community
composting. The municipality provided 32 special composting bins for collection and storage
prior to displacement in the composting facilities. In the Baromtuilokanat 21 Community there
were two types of composting facilities.
1. One centralized compost facility that mainly serves the community.
2. Five small compost facilities at individual households for interested families.
Training Activities:
 Formation of a program committee
 Study visit to other community composting
 Handout of paper on composting
 Discussion with each household
 Installation and explanation on use of compost containers and waste
 separation
 Monitoring of waste presentation, collection and composting activities by appointed
committee

Appendix H: Thailand Solid Waste Data and Statistics
Included in this appendix are Thailand‟s solid waste data and statistics between 2000 and
2006.
Table 5 [5] indicates the waste generation rate in Thailand between 2000 and 2006.
Thailand has a Solid Waste generation rate of 0.3 to 1.44 kg/capita/day with the average of 1.443
kg/capita/day.

Table 15: Waste Generation Rate
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Table 6 [5] indicates the waste
composition in Thailand.

Table 7 [5] indicates the
characteristics of the waste in
Thailand. The moisture content
was between 40-60% with a little
difference between dry and wet
seasons throughout the country
indicating a benefit in composting.
The heating value ranges between
5,163 and 6,121 kJ/kg.
Table 8 [5] shows the relationship between areas and the amount of generated waste per
day with respect to the percentage that is actually treated and collected. The waste collection in
Bangkok is 100%., whereas the waste collection inside municipality area is 37% comparatively
to the 6% outside municipality area.

Table 9 [5] indicates the main
methods of treatment and
their respective percentages.
The main methods of
treatments for Municipal
Solid Waste in Thailand are
sanitary landfill, composting,
open dumping, and
incineration. There is 97
disposal facilities properly
designed serving 480 local
administration throughout
Thailand: 91 sanitary
landfills, 3 incinerators, and 3
integrated-system facilities.
Figure 18: Waste Treatments
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Appendix I: Municipal Incinerator versus Burn Barrel
Included in this appendix are comparisons between the advantages of municipal
incinerators to burn barrels.
Figure 11 illustrates the advantages of municipal incinerators in comparison with burn
barrels.

“In a municipal incinerator, stacks that emit smoke are designed for maximum dilution
and are high above activity, therefore resulting in a low dose. Burn barrels are less efficient at
combustion, and are concentrated close to the ground, therefore resulting in direct exposure to
harmful pollutants. [6]”

71

Appendix J: Compost
Compost Breakdown Chart [7]
Included in this appendix is a
depiction of the compost process,
optimal conditions to facilitate
composting, and the comparative
advantages and disadvantages of
composting.
Figure 12 illustrates the inputs,
outputs, and functional elements for
composting.

Figure 19: Compost Breakdown Chart

Table 9 displays
the optimal
condition
parameters for
proper composting.

Table 10 lists the
advantages and
disadvantages of
composting.
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Appendix K: Manual Compactors
Included in this appendix is the research on manual compactors compiled by Kylie
Hensley, a large contributor and active member of the Engineering Without Borders Cal Poly
Thailand team. Refer to Engineering Without Border‟s Cal Poly Thailand‟s official website
https://sites.google.com/site/ewbcpthai/ for the document.
Separating recyclables from the trash in Huai Nam Khun will reduce the amount of waste
that is incinerated. If the separated recyclables are compacted, then they will take up less space.
Compaction will also make it easier for the recyclables to be collected, which will be an
incentive for the recycling trucks to come to Huai Nam Khun regularly.
In order to be appropriate and sustainable technology for the village, the compactors
should be manually operated rather than motor or solar powered.
Compactor Use
The compactors should be used for recyclables only, and not for glass. Glass would
shatter in the compactor, which would be hazardous. The non-recyclable trash is probably
already very dense (mostly organic waste and little packaging waste). If the organic trash was
compacted, it would be too dense to burn (not enough room for air penetration).
So the trash should be sorted into 3 categories:
1. glass to be recycled
2. non-glass recyclables(ie. metal and plastic) to be compacted
and then recycled
3. Non-recyclable trash to be incinerated
Basic Design
The simplest compactor design I could find was a big metal
drum with a compacting lever. http://www.wastecare.com/ProductsServices/Other_Products/Home-LightCommercial/Manual_Trash_Compactor.htm (WasteCare Corp.)
This manufacturer‟s website has the specifications for
container size, force, compaction ratio, etc. for a pre-made device that
is for sale. We could build a compactor ourselves and design it after
this device, but with modifications.
Possible Modifications
Bottom Trap Door
We could add an opening near the bottom of the metal
drum compactor to allow for easy removal of compressed
recyclables. This patent gave me the idea to have recyclables
removed from the bottom:
http://www.freepatentsonline.com/6851357.pdf
The bottom trap door would only be practical for a small volume
of recyclables so the drum would only be partially full.
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Hinged Container
If large volumes of recyclables are expected, it would be easier
to just to use a hinged drum, so the recyclables could be removed all at
once when container is full. The hinged containers are available at:
http://www.wastecare.com/Products-Services/Other_Products/HomeLight-Commercial/Manual_Trash_Compactor.htm
Drawbacks for the hinged container include a higher cost probably and
risk of hinges rusting in humid climate.
Alternate Lever
The lever of the basic metal drum design at
WasteCare Corp.‟s website provides up to 4,000lb of
compaction force. Is such a large force necessary to crush
the village‟s recyclables? Maybe not, if the majority of the
recycling is plastic. In that case, we could use a weaker
lever that would cost less and have a simpler design. One
alternate lever is the pivotable lever arm that slides along
inside the lever handle. I found this pivotable arm patent at:
http://www.freepatentsonline.com/20050217512.pdf
Cost/Material Considerations
 What size metal drums should we use? How often is the recycling picked up? What is the
anticipated volume of recycling that will accumulate during this time period?
 The metal drums are too heavy and large to transport from the U.S. Could we buy the
drums at the nearest hardware store?
 The components for the lever should be made from steel or other durable metal to
provide the most compaction force. Should we preassemble the lever and then transport
it? Or should we design the lever, build a test model in the U.S., and then purchase
materials and build the actual model in Thailand?
 How many compactors will we need? One near every incineration site so the recyclables
will not need to be collected? Or one localized compactor so the recycling truck will only
have to make one stop?
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Appendix L: Decision Criteria Analysis of Alternatives
Included in this appendix is the table set up, calculations, analysis, and final results of the
alternatives after applying the Decision Criteria Analysis.

Criteria

Cust.
Need

Cost

DI

RCA

ROI

Maint.

Train.

Health

Safety

Env.

Low=1
High=5

High=1
Low=5

High=1
Low=5

Low=1
High=5

Low=1
High=5

Low=5
High=1

Low=5
High=1

Low=5
High=1

Low=5
High=1

Low=5
High=1

5

2

1

4

5

3.5

4

5

5

5

1
2.5

5
1.5

5
1

1
2

2.5
3.5

1
2

109
76.25

1.5

4

4.5

1.5

1.5

1.5

117

3.5
5
4.5
5

2
2.5
1
3.5

2
2.5
4
3

2.5
5
5
5

2
5
4
5

2.5
5
5
5

114
166.25
150.5
179.25

Dump
5
5
5
1
Sanitary
0
1
1
3.5
Landfill
Open
5
4.5
5
4
Burn
Incinerate
3.5
3
3
5
Compost
3
4
4.5
5
Recycle
1.5
4.5
4
4.5
Educate
4
5
5
5
Table 16: Decision Criterion Rank for Alternatives

Total

Key
Cust. Need: Customer Need
I: Difficulty Implementing
RCA: Root Causes Addressed
ROI: Return on Investment
Maint.: Maintenance
Train.: Training
Health: Negative Health Impacts
Safety: Negative Safety Impacts
Env.: Negative Environmental Impacts
Figure 20: Criteria Points

Criteria
Dump
Sanitary
Landfill
Open
Burn
Incinerate
Compost
Recycle
Educate

Points
109
76.25
117
114
166.25
150.5
179.25

Illustration 2: Decision Criteria Analysis Results
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Appendix M:
Decision Criteria Analysis of Open Burning vs. Incinerating
Included in this appendix is the table set up, calculations, analysis, and final results of the
alternatives after applying the Decision Criteria Analysis for open burning and incinerating.
Toxins

Em.

Part.

SE

Comb.

EI

RI

SI

0.1
2
2

0.2
1
2

0.1
1
3

Total

Low = 5
High =1

Criteria
Open Burn
Incinerate

0.25
2
4

0.1
2
3

0.05
1
3

0.1
1
4

0.2
1
3

1.4
3.1

Figure 21: Criterion Rank for Open Burning vs. Incinerating

Key
Em.: Emissions
Part.: Particulates
SE: Smoke Exposure
Comb.: Ability to Combust
EI: Eye Irritants
RI: Respiratory Illnesses
SI: Skin Irritants
Figure 22: Criteria Points

Criteria
Open Burn
Incinerate

Illustration 3: Decision Criteria Analysis Results
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Points
1.4
3.1

Appendix N: Decision Capacities
Included in this appendix is the table set up, calculations, density analysis [9, 10, 11, and
12] for generating the final design capacity numbers of the compost bins, incinerators, and
recycle bins.

Food Waste

Paper

Plastic

Glass

Metal

Solid Waste
Generation-kg

Organic
Waste %

0.6000

0.4800

Paper
Cardboard
%

Totalkg

Total-lb

Density of Food
Waste-lb/cubic ft

Cubic ft.

Total-gal

0.3780

0.8333

74.0741

0.0113

0.0842

Solid Waste
Generation-kg

0.1500
Paper
Cardboard
%

Totalkg

Total-lb

Density of Paper
Waste-lb/cubic ft

Cubic ft.

Total-gal

0.6000

0.1500

0.0900

0.1984

43.2000

0.0046

0.0344

Solid Waste
Generation-kg

Plastic %

Totalkg

Total-lb

Density of Plastic
Waste-lb/cubic ft

Cubic ft.

Total-gal

0.6000

0.1500

0.0900

0.1984

87.4000

0.0023

0.0170

Solid Waste
Generation-kg

Glass %

Totalkg

Total-lb

Density of Glass
Waste-lb/cubic ft

Cubic ft.

Total-gal

0.6000

0.0500

0.3000

0.6614

103.7037

0.0064

0.0477

Solid Waste
Generation-kg

Metal %

Totalkg

Total-lb

Density of Metal
Waste-lb/cubic ft

Cubic ft.

Total-gal

0.6000

0.0400

0.2400

0.5291

170.0000

0.0031

0.0233

Figure 23: Waste % and Densities
Waste Station

No.
People

Gallons
Needed

15%
Allowance

Compost Bucket
Size-gal

Compost
Bucket-cubic ft.

Compost
Bucket-cubic ft.

Chinese Tribe

1000.00

84.16

96.78

97.00

12.94

13.00

Pana Seri Tribe Pre-School

52.00

4.38

5.03

6.00

0.67

1.00

Akheau Tribe

300.00

25.25

29.03

30.00

3.88

4.00

HNK Dormitory

62.00

5.22

6.00

6.00

0.80

1.00

HNK Wittaya Middle School

1220.00

102.67

118.07

119.00

15.78

16.00

HNK Health Clinic

200.00

16.83

19.36

20.00

2.59

3.00

Figure 24: Compost Capacity
Waste Station

No.
People

Gallons
Needed

15%
Allowance

Incinerator
Capacity-gal

Incinerator
Capacitycubic ft.

Incinerator
Capacitycubic ft.

Incinerator
Capacitykg

Chinese Tribe

1000.00

34.36

39.51

40.00

5.28

6.00

378

Pana Seri Tribe Pre-School
Akheau Tribe

52.00
300.00

1.79
10.31

2.05
11.85

3.00
12.00

0.27
1.58

1.00
2.00

19.656
113.4

HNK Dormitory

62.00

2.13

2.45

3.00

0.33

1.00

23.436

HNK Wittaya Middle School

1220.00

41.92

48.20

49.00

6.44

7.00

461.16

HNK Health Clinic

200.00

6.87

7.90

8.00

1.06

2.00

75.6

Figure 25: Incinerator Capacity
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Waste Station

No.
People

Gallons
Needed

15%
Allowance

Recycle Bin
Size-gal

Chinese Tribe
Pana Seri Tribe Pre-School
Akheau Tribe
HNK Dormitory
HNK Wittaya Middle School
HNK Health Clinic

1000.00
52.00
300.00
62.00
1220.00
200.00

16.98
0.88
5.09
1.05
20.72
3.40

19.53
1.02
5.86
1.21
23.83
3.91

20.00
2.00
6.00
2.00
24.00
4.00

Recycle Bin
Size- cubic
ft.
2.61
0.14
0.78
0.16
3.19
0.52

Recycle
Bin Sizecubic ft.
3.00
1.00
1.00
1.00
4.00
1.00

Figure 26: Paper Recycle Capacity

Waste Station

No.
People

Gallons
Needed

15%
Allowance

Recycle Bin
Size-gal
55.00

Recycle Bin
Size- cubic
ft.
7.33

Recycle Bin
Size- cubic
ft.
8.00

Chinese Tribe

1000.00

47.71

54.86

Pana Seri Tribe Pre-School

52.00

2.48

2.85

3.00

0.38

1.00

Akheau Tribe

300.00

14.31

16.46

17.00

2.20

3.00

HNK Dormitory

62.00

2.96

3.40

4.00

0.45

1.00

HNK Wittaya Middle School

1220.00

58.20

66.93

67.00

8.95

9.00

HNK Health Clinic

200.00

9.54

10.97

11.00

1.47

2.00

Recycle Bin
Size- cubic
ft.
4.00

Figure 27: Glass Recycle Capacity

Waste Station

No.
People

Gallons
Needed

15%
Allowance

Recycle Bin
Size-gal

Chinese Tribe

1000.00

23.28

26.77

27.00

Recycle Bin
Size- cubic
ft.
3.58

Pana Seri Tribe Pre-School

52.00

1.21

1.39

2.00

0.19

1.00

Akheau Tribe

300.00

6.98

8.03

9.00

1.07

2.00

HNK Dormitory

62.00

1.44

1.66

2.00

0.22

1.00

HNK Wittaya Middle School

1220.00

28.40

32.66

33.00

4.37

5.00

HNK Health Clinic

200.00

4.66

5.35

6.00

0.72

1.00

Figure 28: Metal Recycle Capacity

Capacities
Waste Station

Incinerator

Compost Bin

Recycle Bin: Paper

Recycle Bin: Glass

Recycle Bin: Metal

Chinese Tribe

100 gal

3 cubic ft.

8 cubic ft.

4 cubic ft.

Pana Seri Tribe
Pre-School

40 gal or
378 kg
3 gal or
20 kg

5 gal

1 cubic ft.

1 cubic ft.

1 cubic ft.

Akheau Tribe

NA

NA

1 cubic ft.

3 cubic ft.

2 cubic ft.

HNK Dormitory

3 gal or
24 kg
49 gal or
461 kg
8 gal or
76 kg

10 gal

1 cubic ft.

1 cubic ft.

1 cubic ft.

120 gal

4 cubic ft.

9 cubic ft.

5 cubic ft.

NA

1 cubic ft.

2 cubic ft.

1 cubic ft.

HNK Wittaya
Middle School
HNK Health
Clinic

Figure 29: Summary of Design Capacities
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Waste Station

Incinerator

Compost Bin

Recommended
Number
Recycle Bin: Paper

Chinese Tribe

1

10

1

3

2

Pana Seri Tribe
Pre-School
Akheau Tribe

1

1

1

1

1

NA

NA

1

1

1

HNK Dormitory

1

1

1

1

1

HNK Wittaya
Middle School
HNK Health
Clinic

1

12

2

3

2

1

NA

1

1

1

Figure 30: Recommended No. of Equipment
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Recycle Bin: Glass

Recycle Bin: Metal

Appendix O: Analytical Hierarchy Process of Village Need
Included in this appendix is the table set up, calculations, analysis, and final results of the
village needs after applying the Analytical Hierarchy Process.
Ranking: Ranking Scale 1-9, 1- Not preferred, 5-Moderately preferred, 9 Most preferred
HNK Dormitory
Recycle
Compost
Burn
Educate

Recycle
1.00
0.33
7.00
0.33

Compost
3.00
1.00
9.00
0.20

Incinerate
0.14
0.11
1.00
0.14

Educate
3.00
5.00
7.00
1.00

HNK Health Clinic
Recycle
Compost
Burn
Educate

Recycle
1.00
0.33
7.00
9.00

Compost
3.00
1.00
9.00

Incinerate
0.14
1.00
1.00
7.00

Educate
0.11
0.11
0.14
1.00

HNK Wittaya
Middle School
Recycle
Compost
Burn
Educate

Recycle
1.00
7.00
7.00
2.00

Compost
0.14
1.00
7.00
5.00

Incinerate
0.14
0.14
1.00
9.00

Educate
0.50
0.20
0.11
1.00

Akheau Tribe
Recycle
Compost
Burn
Educate

Recycle
1.00
0.11
0.11
0.14

Compost
9.00
1.00
1.00
7.00

Incinerate
9.00
1.00
1.00
7.00

Educate
7.00
0.14
0.14
1.00

Chinese Tribe
Recycle
Compost
Burn
Educate

Recycle
1.00
0.14
0.14
5.00

Compost
7.00
1.00
3.00
7.00

Incinerate
7.00
0.33
1.00
9.00

Educate
0.20
0.14
0.11
1.00

Pana Seri Tribe
Pre-School
Recycle

Recycle
1.00

Compost
0.33

Incinerate
0.14

Educate
0.11

1.00
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Burn
Incinerate
Educate

3.00
7.00
9.00

1.00
5.00
5.00

0.20
1.00
7.00

0.20
0.14
1.00

Recycle

Compost

Incinerate

Educate

1.00
0.33
7.00
0.33
8.67

3.00
1.00
9.00
0.20
13.20

0.14
0.11
1.00
0.14
1.40

3.00
5.00
7.00
1.00
16.00

Recycle
1.00
0.33
7.00
9.00
17.33

Compost
3.00
1.00
1.00
9.00
14.00

Incinerate
0.14
1.00
1.00
7.00
9.14

Educate
0.11
0.11
0.14
1.00
1.37

Recycle
1.00
7.00
7.00
2.00
17.00

Compost
0.14
1.00
7.00
5.00
13.14

Incinerate
0.14
0.14
1.00
9.00
10.29

Educate
0.50
0.20
0.11
1.00
1.81

Akheau Tribe
Recycle
Compost
Burn
Educate

Recycle
1.00
0.11
0.11
0.14
1.37

Compost
9.00
1.00
1.00
7.00
18.00

Incinerate
9.00
1.00
1.00
7.00
18.00

Educate
7.00
0.14
0.14
1.00
8.29

Chinese Tribe
Recycle
Compost
Burn
Educate

Recycle
1.00
0.14
0.14
5.00

Compost
7.00
1.00
3.00
7.00

Incinerate
7.00
0.33
1.00
9.00

Educate
0.20
0.14
0.11
1.00

Summation
HNK Dormitory
Recycle
Compost
Burn
Educate

HNK Health Clinic
Recycle
Compost
Burn
Educate

HNK Wittaya
Middle School
Recycle
Compost
Burn
Educate
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Pana Seri Tribe
Pre-School
Recycle
Compost
Burn
Educate

6.29

18.00

17.33

1.45

Recycle
1.00
3.00
7.00
9.00
20.00

Compost
0.33
1.00
5.00
5.00
11.33

Incinerate
0.14
0.20
1.00
7.00
8.34

Educate
0.11
0.20
0.14
1.00
1.45

Normalize
HNK
Dormitory
Recycle
Compost
Burn
Educate
HNK Health
Clinic
Recycle
Compost
Burn
Educate

HNK Wittaya
Middle School
Recycle
Compost
Burn
Educate

Akheau Tribe
Recycle
Compost
Burn
Educate

Recycle
0.12
0.04
0.81
0.04
1.00

Compost
0.23
0.08
0.68
0.02
1.00

Incinerate
0.10
0.08
0.72
0.10
1.00

Educate
0.19
0.31
0.44
0.06
1.00

Criterion Score
0.16
0.13
0.66
0.05
1.00

Recycle
0.06
0.02
0.40
0.52
1.00

Compost
0.21
0.07
0.07
0.64
1.00

Incinerate
0.02
0.11
0.11
0.77
1.00

Educate
0.08
0.08
0.10
0.73
1.00

Criterion Score
0.09
0.07
0.17
0.67
1.00

Recycle
0.06
0.41
0.41
0.12
1.00

Compost
0.01
0.08
0.53
0.38
1.00

Incinerate
0.01
0.01
0.10
0.88
1.00

Educate
0.28
0.11
0.06
0.55
1.00

Crtierion Score
0.09
0.15
0.28
0.48
1.00

Recycle
0.73
0.08
0.08
0.10
1.00

Compost
0.50
0.06
0.06
0.39
1.00

Incinerate
0.50
0.06
0.06
0.39
1.00

Educate
0.84
0.02
0.02
0.12
1.00

Criterion Score
0.64
0.05
0.05
0.25
1.00
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Chinese Tribe
Recycle
Compost
Burn
Educate

Pana Seri Tribe
Pre-School
Recycle
Compost
Burn
Educate

Recycle
0.16
0.02
0.02
0.80
1.00

Compost
0.39
0.06
0.17
0.39
1.00

Incinerate
0.40
0.02
0.06
0.52
1.00

Educate
0.14
0.10
0.08
0.69
1.00

Criterion Score
0.27
0.05
0.08
0.60
1.00

Recycle
0.05
0.15
0.35
0.45
1.00

Compost
0.03
0.09
0.44
0.44
1.00

Incinerate
0.02
0.02
0.12
0.84
1.00

Educate
0.08
0.14
0.10
0.69
1.00

Criterion Score
0.04
0.10
0.25
0.60
1.00

Recycle
16.00

Compost
13.00

Incinerate
66.00

Educate
5.00

100.00

9.00

7.00

17.00

67.00

100.00

9.00
64.00
27.00

15.00
5.00
5.00

28.00
5.00
8.00

48.00
25.00
60.00

100.00
100.00
100.00

4.00

10.00

25.00

60.00

100.00

Criterion Analysis
HNK Dormitory
HNK Health
Clinic
HNK Wittaya
Middle School
Akheau Tribe
Chinese Tribe
Pana Seri Tribe
Pre-School

Illustration 4: AHP of Village Needs
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Appendix P: Engineering Without Borders Material
This is a snapshot of the pamphlet compiled for
implementation. Refer to
https://sites.google.com/site/wdsaduong/ to get full
access of the 15 page pamphlet.

This is a snapshot of the Plan for Implementation
compiled for Engineering Without Borders
Implementation Trip. Refer to
https://sites.google.com/site/wdsaduong/ to get full get
full access of the 11 page report.
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